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Development  of surface  ground  motion  and spectral  acceleration  
based  on modified  shear  wave  propagation  analysis (Conference Paper)
(Open Access)
,  ,  ,  ,  ,  
Civil Engineering Department, Engineering Faculty, Diponegoro University, Semarang, 50275, Indonesia
Abstract
The shear wave propagation analysis (SPA) is a method for developing surface ground motion and spectral acceleration
by conducting seismic wave propagation from bedrock to surface elevation. The bedrock elevation and soil profile
from bedrock through surface elevation are important information needed for SPA. The shear wave velocity, damping
ratio, soil density and shear modulus are the four parameters that are needed for developing SPA. This paper describes
a modified SPA for developing surface ground motion and spectral acceleration by conducting two different soil
deposit model, actual and modified bedrock elevation models. The difference in the two models depends on the
bedrock elevation used for SPA. The actual bedrock elevation model is conducted based on the real bedrock elevation
observed using microtremor test. However, the second model is performed based on the final depth of soil boring
investigation. The study was conducted at the Engineering Faculty of Diponegoro University. Based on the
microtremor observation, the bedrock elevation was predicted at 50 metres below the surface level. However, two soil
boring investigations conducted in this study area were stopped at 30 metres below the surface level. The surface
ground motion and spectral acceleration developed from both models are almost equal. © Published under licence by
IOP Publishing Ltd.
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Economic prospects of Steel Reinforced Functionally Graded 
Concrete (SRFGC) beam structures 
B S Gan1, S Kiryu2, A Han3 and M M A Pratama4 
1Department of Architecture, College of Engineering, Nihon University, Koriyama, 
Japan 
2Department of Architecture, Graduate School of Engineering, Nihon University, 
Koriyama, Japan 
3Civil Engineering Department, Diponegoro University, Semarang, Indonesia 
4Department of Civil Engineering, Faculty of Engineering, State University of 
Malang, Malang, Indonesia 
buntara@arch.ce.nihon-u.ac.jp  
Abstract. Engineering materials, for instance, ceramics and concrete, are manufactured with 
uniform properties purposefully. Because the uniformity is a convenient measurement to 
ensure the safety design calculation of a structure to be built. The non-uniform material 
property of concrete can be resulted from mixing, placing, consolidation, and curing processes 
during the manufacturing of structural members. Therefore, using concrete as a material could 
lead to an uneconomical use of natural resources because of non-uniformity problems that 
occur in the structural members. Ideally, in the Functionally Graded Concrete (FGC) material, 
the properties (elasticity, density, rigidity) of concrete material have to be smoothly graded in 
the projected directions (longitudinally, transversally, diagonally) by following a governing 
equation. Hence, FGC has significant advantages over the existing concrete materials in the 
prominence of cement optimization. In recent progress, many researchers have been studied the 
mechanical behaviors and production methodologies of FGC enthusiastically. In the state-of-
the-art of the FGC developments, two objectives need to be achieved: 1. The manufacturing 
procedure of FGC material, and 2. The method of analysis to design FGC material. In current 
developments, the technologies for manufacturing FGC material are still not available for the 
practitioners. The objective of this paper is to present a method of analysis to design a Steel 
Reinforced Functionally Concrete Graded (SRFGC) beam element based on the SNI 
(Indonesian National Standard) of Structural Concrete Requirements for Buildings code 
2847:2013. The effects of the non-uniformity of concrete strengths are incorporated into the 
analysis. Because of the crack-opening assumption in the tensile region of the concrete, the 
neutral axis position is no longer at the mid-height of the beam cross-section. Hence, an 
iterative technique has to be employed in the design. An iterative technique is necessary 
because the internal forces of the beam have to be calculated at the cross-section being 
designed. The application of the method of analysis is highlighted by designing various type of 
beam cross-sections, which show the economic benefits of SRFGC beam compared to both the 
normal and high strength concrete’s material.  
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Cyclic behavior of moment-resisting frames strengthened with 
steel curved dampers 
H L Hsu1 and H Halim1 
1 Dept. of Civil Engineering, National Central University, Taoyuan City, Taiwan 
 
hhsu@ncu.edu.tw 
Abstract. Steel moment frames have been widely used for earthquake-resistant purposes. These 
systems possess significant ductility, however, excessive deformation due to the lower structural 
stiffness. In order to improve the behavior of moment-resisting frames when subjected to cyclic 
loads, a new design that combined steel curved damper and brace member was proposed in this 
study. The curved damper was cut from steel plate and was placed in the center portion of the 
brace member. The new device was attached to the frame and was used to dissipate energy 
throughout the load application. A series of loading tests on steel frames strengthened with the 
proposed design were carried out. The strength and energy dissipation capabilities of frames with 
and without the strengthening device were compared. It was found from the comparisons that 
the behavior of framed structures was significantly improved, thus justified the effectiveness of 
the proposed design. 
1. Introduction 
Steel moment frames have been widely used for earthquake-resistant purposes [1-3]. These systems 
possess significant ductility, however, excessive deformation due to the lower structural stiffness. 
Application of brace members to the steel moment frames has been considered effective approach to 
reduce the excessive deformation, as structural stiffness can be significantly enhanced. This approach 
subsequently raises concerns in loss of structural deformability due to excessive structural stiffness and 
buckling of brace member at large deformation [4-5]. Therefore, a remedy, i.e. development of a brace 
with adequate stiffness and deformability simultaneously, to further improve the structural behavior is 
essential.  
It has been investigated in the authors’ previous study [6] that when steel plate was fabricated in curved 
shape and loaded by in-plane bending, the device would exhibit sufficient strength, sustained stability 
at large deformation and dissipated significant energy through inelastic deformation. This device was 
named steel curved damper, as shown in Figure 1. To further improve the behavior of moment-resisting 
frames when subjected to cyclic loads, a new design that combined steel curved damper and brace 
member, forming A-Brace as shown in Figure 2, was proposed in this study. The curved damper was 
placed in the center portion of the brace member and mobilized by the lever mechanism of the A-Brace. 
The new device was attached to the frame and was used to dissipate energy throughout the load 
application.  
A series of loading tests on the steel curved dampers and steel frames strengthened with the proposed 
design were carried out. The strength and energy dissipation capabilities of frames with and without the 
strengthening device were compared to evaluate the effectiveness of the proposed method. 
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Emission factors of NOx and PM of heavy construction 
equipment used in toll road project in Indonesia –  
Case study: Rembang-Pasuruan Toll Section II  
 
A M Hajji1, A Yulistyorini1, Huang Yue2 and D C Patulak1 
1 Civil Engineering Dept., Universitas Negeri Malang, Indonesia 
2 Intitute of Transport Studies, University of Leeds, UK 
apif.miptahul.ft@um.ac.id 
Abstract. Heavy duty diesel (HDD) equipment play an important role in constructing 
Indonesian infrastructure.  This paper proposes a methodology for recording an emission 
inventory for HDD equipment that formulates emission factors as a baseline of current 
emissions quantities. The sample case of the proposed emissions inventory technique is based 
on a small part of Indonesia’s national toll road project: Rembang-Pasuruan toll road project. 
Rembang-Pasuruan toll road is a part of Gempol-Pasuruan toll road, a piece of national 
infrastructure project called Trans-Java Toll road that runs from Merak, Northwestern end of 
Java, to Banyuwangi, the eastern end of the island. This toll road connects almost all major 
cities and landmarks of the island with the total length of the road is nearly 1,167 km. The 
length of Gempol-Pasuruan toll road is about 34.15 km, and consists of three section: Section 
I, Gempol-Rembang 13.9 km, Section II, Rembang-Pasuruan 6.6 km, and Section III, 
Pasuruan-Grati 13.65 km. This toll road project utilizes a HDD fleet that includes 9 excavators, 
2 bulldozers, 2 roller compactors, 1 motor-grader and 1 paver. This equipment consumes large 
quantities of diesel fuel and release air pollutants, including nitrogen oxides (NOx) and 
particulate matters (PM). The proposed inventory technique in this paper addresses the key 
attributes of the equipment on how long it is used during its operational life and how emission 
rates of NOx and PM are estimated. By using emission factors calculated from equipment’s 
key attributes, it is revealed that all equipment in the project release approximately 452.12 gr/hr 
of NOx or 3400.97 gr/day on average, and emit 31.99 gr/hr of PM or equals to 252.92 gr/day. 
1. Introduction 
Heavy duty diesel (HDD) equipment play an important role in constructing Indonesian infrastructure.  
Most of this equipment fleets are owned and operated by public entities, such as local governments and 
government-owned construction companies, that have limited budgets and are wondering how to 
acquire, maintain, and update their fleets.  Not only does this equipment needs comprehensive fleet 
management but it also has a significant impact on national energy consumption in the form of diesel 
fuel, and an impact on the environment in the form of hazardous air pollutants.  
This paper proposes a methodology for recording an emission inventory for HDD equipment that 
formulates emission factors as a baseline of current emissions quantities.  The emission inventory 
technique proposed in this paper can help fleet managers or equipment operator to quantify emissions 
air pollutants for each individual item of equipment and possibly the entire fleet used in an infrastructure 
project.  Furthermore, this technique can also help some public entities or stakeholders determine 
strategies to make infrastructure project more environmentally-sound. The sample case of the proposed 
emissions inventory technique is based on a small part of Indonesia’s national toll road project: 
Rembang-Pasuruan toll road project. Rembang-Pasuruan toll road is a part of Gempol-Pasuruan toll 
road, a piece of national infrastructure project called Trans-Java Toll road that runs from Merak, 
Northwestern end of Java, to Banyuwangi, the eastern end of the island. This toll road connects almost 
all major cities and landmarks of the island with the total length of the road is nearly 1,167 km. The 
length of Gempol-Pasuruan toll road is about 34.15 km, and consists of three section: Section I, Gempol-
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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Rainfall induced residual soil slope instability: building 
cracked and slope failure 
L J Yue1, M F Ishak1, M S I Zaini1 and M F Zolkepli1  
1 Faculty of Engineering Technology, Universiti Malaysia Pahang, Malaysia 
fakhrurrazi@ump.edu.my 
Abstract. Rainfall is one of the factors of slope failures due to the intensity of rainfall that will 
seep and increase the moisture content of geo-materials. One of the important role in slope 
stability is matric suction. This study present the relationship between rainfall and suction of soil 
which induced the slope instability and the slope stability analysis involving a building which 
may cause by instability due to suction variation. The slope had separated into three parts which 
are top of slope, middle of slope and toe of slope. Every part has been inserted with three 
tensiometer with 0.3 m, 0.45 m and 0.9 m depth. Suction of soil on slope was carried out by 
using tensiometer. Intensity of rainfall was collected by using rain gauge which placed at open 
area which to compare with matric suction of soil. Several site and laboratory tests were carried 
out to identify the soil properties. Stability of slope was analyzed using Slope/w and Manual 
Calculation via input parameters collected from laboratory test and field test. Fellenius’ method 
was used to interpret the factor of safety for slope study. This includes the analysis of the factor 
of safety of slices at the selected area with its matric suction value. It was found that when the 
rainfall increased, the suction of soil decreased and affected to decrease of factor of safety. 
Hence, the constructed slope was suggested to be redesign to improve its safety factor. 
1.  Introduction 
Slope instability can cause by three different factor or categories. Some of the main factors has being 
categorized by geological, climate change and human activities. From the geological perspective, soil 
layer and profile were crucial in influencing the slope instability. Intensity of rainfall, earthquake, 
flooding and those related disaster are some of the crucial factors of slope instability from the perspective 
of climate change. During the rainfall, rain water may distribute into two medium on surface and 
subsurface via surface runoff and infiltration/seepage phenomenon. Shallow failure of slope will 
occurred due to the less rainwater infiltration volume and surface runoff. Meanwhile, deep-seated slope 
failure will occurred due to the influence of the river and high groundwater level supplied by the 
excessive rainfall water. 
Rainfall induced slope instability create a common geotechnical hazard in tropical region such as 
Malaysia [1]. The intensity of rainfall will affect the measurement of rain gauge and the suction of soil 
because of the measure amount of the rain that falls over time. Rainfall was one of the major cause of 
slope failures or slope instability when the area or region experience heavy rainfall. Therefore, the 
characteristic of the rainfall should be considered in the analysis of the slope instability. 
Suction plays an important role in the stability of slope especially in tropical region. Hence, the 
evaluation on the measurement of suction in soil of slope stability is needed [1]. Rainfall which 
happening at the area will cause the moisture content increased, the matric suction is reduced which 
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